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Introduction

Fuel cell applicetions utilizing transporation fiels, military
logistic fuels, coal, propoane and natural gas a3 feedstocks require the
development of fiel processors that incorporate integrated
desulfurization technology, These feedstocks may contain as little as
22910 kg/m® total sulfur, as in pipeline natural gas,’ to 0.3 weight
percent total sulfur, as in military JP-8 fiuel” 1o several percent total
gulfur 85 15 present in some coals. [f sorbent-based technology is to
be used for sulfir remaval, then the quantity of sulfur present in the
feedstock will greatly effect the fuel processor's footprint and its
sorbent change out interval.

An plternative lo serbent-based technology is o catalylically
convert the H;5 present in these feedstocks directly to elemental
sulfur. The product sulfur may then be separared and recovercd from
the fuel gas as a solid precipitate. This technology is known as H;8
selective catalytic partial oxidation. The chemustry behind this
process s simple;

H.8+120, —=1/n8_ +H,O
Here, n rapresents the various polymers of sulfur that may possibly
be formed (n=2, &, 8).

There are numerous reports in the literture of low température
H.S catalyric partial exidation ischnology being applied o natural
gits processing systems. ™™ More recent attention has turned to coal-
derived synthesis gas desulfiurization.” With liguid fuels, no ressarch
has yet been reportad.

An additionsl complexity with many fuel cel] feedstocks i that
the sulfur compounds present are in the form of organic sulfur.
Therefore, a hydrodesulfurization reactor is necessary to first conven
these organic sulfur compounds imto H.8. This implies that o Hy
recyele back to the hydrodesulfurizer would be necessary.

In the case wherz liquid fiels will be desulfunzed, the H,3
present cannot be directly oxidized in the presence of higher
hydrocarbons  (C4+) due o their high oxidation potential.’
Therefore, the liquid fuel must first be hberated of L5 through
stripping. Iere, we propose using H; as an H;S stripping gus
Thermodynamic caleulations indicate thar HaS is significantly more
soluble in the H; gas phase than the liquid higher hydrocarbon phase.

For the special case when synthesis gases are to be desulfurized,
such as coal-derived synthesis gas, the desulfurization reaction must
be conducted at 2 sufficiently low enough temperamure to avoid the
side reaction:

Co+1/n8, = COS

In the present work, we report on the ability of activated carbon
io0 funcrion as an oxidation catalyst, selectively oxidizing HyS directly
to elemental sulfur. ‘Three different fuel cell feedstocks were
considered: natural gos, middle distillates and coal-derived synthesis
gases, The ability for this process and this catalyst to produce a
gsweetened fusl cell feedstock is discussed.

Experimental )
Apparatus.  Catalyst experiments wene conducted in o
laboratory scale, fixed-bed reactor: 1,16 m lopg by 1.05 cm intemal
dizmeter made of quartz glass. Quartz wool was wsed as a distrbutar
to support the caralvst. The reactor was vertically positioned in o
Lindburg single zone fumace (model No. 56447) in the down fAow
mode, Reaction temperamure was measured by an externnlly located
K-type thermocouple axially positioned at the middle of the fixed-
bed, The different fuel gas mixtures were denived by manifolding
individual bottled gases supplied by Matheson. [ndividual gas flow
rates were controlled using MEKS mass flow controllers (model Na.
11598) eoupled with an MES power supply (model No, 247C).

Catalyst Properties, The activated carbon ecatalyst used in the
study was Calgon Centaur 4x6 granular activated carbon. The N;
BET surface area was 662 mY/g Catalyst loss on sttrition was 10,5
percent by ASTM D4053-92,  Its moisture content was delermined
to be 4,15 weight percent.

Analytical Metheds, H,S, CO8, €5, and 50. were analyzed
using four separate gas chromatographs. Low concentrations of H,S,
zoro to approximately 150 ppmw, were analyzed using a glass column
/8" x & packed with (40/60 mesh) Carbopack BHT 104, ‘The
column was used in a Perkin Elmer Sigma 300 g=s chromatograph
equipped with & Flame Photometric Detector (FPD). Low
concentrations of 50;, zero to approximately 1300 ppmv, were
enalvzed using a weflon column 1/8" % &' packed with Chromosil 310,
The column was used in Perkin Elmer 8500 gas chromatograph
equipped with a FPD, COS and €S, were analyzed using a teflon
column 178" x §' packed with Chromosil 310, The column was used
in a Perkin Elmer AutoSystemn gas chramatopraph equipped with o
FPD. Gas enalyses reported in this investigntion were taken one hour
after steady siate conditions were achieved.

Results and Discussion

MNatural Gas Desulfurization. [n this experiment, an sctivated
carbon’s ability to selectively oxidize H,5 to elemental sulfur in a
CHy/H.5 mixture was studied. This experiment was conducted at a
GHSV of 2,500 b at 157 kPa with 500 ppmv of HyS with the
balance methane, AL the inlet, sufficient air was injected ta achieve
an H:5:04 rmatie of 1:2, CH, co-oxidation did not teke place under
these conditions. From Figure 1, very high conversions (=99.9%) of
H.5 were achieved over the temperature range 105 w0 145°C. 80,
cvolution was observed at temperaturcs greater than 123°C. This
probably occeurred due to over oxidation of sulfur product in the
pores of the catalyst. Presumably, a larger pore size would allow the
product sulfior to desorb from the catalyst surface, rather than being
trapped by capillery forces, mitigating this over-oxidation tendency ar
such low temperateres. Total sulfur levels were maintained below
0.6 ppmv in the temperature range between [05 and 125°C.

Middle Distillate Desulfurization. As disoussed earlier, Hs
was used fo stop liguid fuels of dissolved H,S. Therefore, the
objcctive of this experiment wis Lo sssess activated carbon’s ability
to selectively oxidize H.S ro elemental sulfur in & Hy/H:S mixture.
This cxperiment was conducted at a GHSY of 2,500 h™' at 157 kPa
with 15,000 ppmyv of H;5 in 78 Vol, % H; and 205 Vaol, %0 Nz AL
the inlet sufficient air was injected to achieve an H;5:0; mto of 2:1.
H; co-oxidation did not teke place under these conditions. From
Figure 2, we observe a very high sulfur selectivity (=99.9%), but
with relatively modest H,3 and Oy conversions over the temperature
range 135 to 175°C. From a process standpoint, the complete
removal of Hy5 at this stege would be unnecessary and, in fact,
undesirable sizce the hydrodesulfurization catalyst is active ooly in
the sulfide state.
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Figore 1. Sulfur exit concentrations from the desulfurizer for HiS, 50k,

COS5. Infet conditions wese methaoe gas with 00 ppmv HzS at the inlet.
H;8:0, was 1:2, GHSV was 2,500 17,
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Figure 2, HaS and O conversion and sulfur selectivity from the desulfurizer.
[niet conditions were 1.5 Vol % H25, 78 Yol % H2 and 20.5 Vol %6 N2
H28: 0 wits 201, GHSV was 2,500 b,

Howewver, to ovold sceumulation in e recycle loop, Oy and H.S
canversions would need to be higher,

Coal-Derived  Synthesis Gas Desulfurization.  The ot
temperature affer the water quench in a Texaco Ou-blown IGCC
power plint is approximately 120 to 145°C. Desulfurization at this
point is crucial to protect down stream power generation equipment
including fuel cells. Cur laboratory tested activated carbon’s ability
to catalyze H;3 directly into elemental sulfur while in the presence of
o coal-derived synthesis ges, This experiment was conducted et a
GHSV of 2,500 b at 157 kPa with 1,000 ppeay H;S ina simulared
Texaco Oy-blown gasifier gas (30 Val, %% CO, 27 Vol. 3% Hs, 18 Vol
%% Ha0, 3.9 Vol. % Ma, 13 Vol, % CO;) At the inlet, sufficient air
was injected to achieve an H,5:0, ratie of ;5. H; and CO co-
oxidation did not teke place. From Figore 3, we observed that H;S
and 850, levels at all temperatures investigated remained below 1.0
ppmv, however, above 145°C CO began reacting with the sulfur
product to produce COS. Figure 4 was an x-my diffraction pattemn
of ane af the activated catalyst pellets from this experiment. It
demonstrated that the sulfur sccumulating within the activated carbon
catalyst pores was in the form of erthorhombic sulfur, 8;.
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Figure 3. Sulfur exit concentrations fram the desulfurizer for HaS, 50.,
COS. Inlet conditions wers o simulated Texaco Os-hlown gasifier gos with
1,000 ppmv Ha5 at the infet, HaS:0: was 125, GHSV was 2300 1.
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Fipure 4, Powder x-may diffroction pattern for elemental sulfur formed in the
pores of the activeted carbon catalyst after six hoors online, Pesks located at
19.127%, 20.91 and 23.22° are consistent with orthorhombic sulfur formation.

Conclusions

From this investigation the following conclusions were drawn.
In namral gas fuel processing systems activated carbon has the ability
to selectively oxidize H;S to less than 1.0 ppmy without appreciable
side meaction occurring in the temperamre rangs between 105 and
125°C. The sctivated carbon catalyst, in middle distillate fiscl
processing systems, demonstmated high sulfor selectivity;, however,
low conversions of O, and H:5 were observed. In coal-derived
synthesis gas fuel processors, the activated carbon catalyst removed
HiS levels to less than 1.0 ppmv up to 175°C. However, above
145°C sigmificant side reaction with CO occurred.

Acknowledgement

Thiz work was supported by the Fuel Celi Product Line, U. 5,
Department of Erergy, NETL, Mr. Lanny Guolden is acknowledged
for his dedication, enthusiasm and hoed work on this project.

References

(1) Petroleum Extension Service. Field Handling of Matural Gos, 37 Ed.,
Ulniv., of Austin Texes Press, 1981 p, 73

{2) T, 8. Mil spec Mil-T 83133E

{3) Ghosh, T. K. and Tollefson, E, L. Car. J. Chem. Eng., 1986, 64 (12),
S,

(4] Ghosh, T. K. and Tollefson, E: L Can. £, Chem. Eng,, 1986, 64 (12),
S69,

(5] Kensell, W. and Leppm, D. “Review of the Hz5 Direct Oxidation
Process;” Seventh GRS Sulfur Recovery Conference, 1995,

{6) Meves, B.; Schiffer, H. P.; and Walter, H. Procerdings JCCS ‘97,
Ziegler ef al., Ed., 1997, pp. 1775-1778,

() Royan, T, 8. “Sulfur Recovery by Direct Oxidation Process,"” Gar
Processing/Cartada, Jan,-Feb, 1972,

Frel Chemisiry Division Preprints 2001, 46(2), 480




